We initiated the Robo-AO Kepler Planetary Candidate Survey in 2012 to observe each Kepler exoplanet candidate host star with high-angular-resolution visible-light laser-adaptive-optics imaging. Our goal is to find nearby stars lying in Kepler 's photometric apertures that are responsible for the relatively high probability of false-positive exoplanet detections and that cause underestimates of the size of transit radii. Our comprehensive survey will also shed light on the effects of stellar multiplicity on exoplanet properties and will identify rare exoplanetary architectures. In this second part of our ongoing survey, we observed an additional 969 Kepler planet candidate hosts and we report blended stellar companions up to ∆m ≈ 6 that contribute to Kepler 's measured light curves. We found 203 companions within ∼4 of 181 of the Kepler stars, of which 141 are new discoveries. We measure the nearby-star probability for this sample of Kepler planet candidate host stars to be 10.6% ± 1.1% at angular separations up to 2. 5, significantly higher than the 7.4% ± 1.0% probability discovered in our initial sample of 715 stars; we find the probability increases to 17.6% ± 1.5% out to a separation of 4. 0. The median position of KOIs observed in this survey are 1.1
INTRODUCTION
The primary Kepler mission photometrically observed approximately 200,000 stars for 4 years in the search for transiting exoplanets. As of the Q1-Q17 DR24 dataset release , there are 3,324 Kepler Objects of Interest (KOI) stars in the Kepler input catalog that are designated as either 'CONFIRMED' or 'CAN-DIDATE' in the NASA Exoplanet Archive (Akeson et al. 2013) , with 4,302 repeating transit signals indicative of transiting exoplanets. While Kepler is one of the best facilities to measure the periodic dips in stellar brightness caused by transiting exoplanets, it has a coarse pixel size, ∼ 4 , and a mean 95% encircled-energy diameter of 4.3 pixels (Haas et al. 2010 ) that make it unsuitable for reliably detecting multiple sources within the Kepler photometric apertures. Follow-up high-angular-resolution imaging of KOIs is used to determine the sources contributing to the Kepler light curves in order to rule out astrophysical false positives (e.g., Morton & Johnson 2011 , Santerne et al. 2013 , to accurately measure the radii of the detected planets with respect to their host star (e.g., Campante et al. 2015; Ciardi et al. 2015) , to measure the effect of stellar multiplicity on exoplanet formation (e.g., Wang et al. 2014b Wang et al. ,a, 2015b , and to study other astrophysical phenomena (e.g., Muirhead et al. 2013; Montet et al. 2015) .
In 2012, we initiated the Robo-AO Kepler Planetary Candidate Survey in an effort to systematically observe each Kepler planet candidate host star in a consistent way with adaptive optics (AO) . No AO survey of this magnitude had previously been attempted and this type of survey has only recently been made possible with the commissioning of the Robo-AO robotic laser adaptive optics system that can observe more than 200 objects in a single night (Baranec et al. 2014b) . We expect that the results of this survey will be used in validating candidate exoplanets, correcting the estimates of transit radii, identifying rare and interesting exoplanetary system architectures and exploring the properties and trends of exoplanets in multiple star systems.
During our first observing season in 2012, we observed 715 KOIs with Robo-AO (Law et al. 2014, henceforth Paper I) . Of the 715 KOIs observed, we found 53 to have a fainter stellar companion within a 2. 5 radius, leading to a nearby-star probability of 7.4% ± 1.0%. We now report results from the second part of our ongoing survey, comprising a further 969 observations of KOIs with Robo-AO. We additionally report Keck adaptive optics images of 50 of the Robo-AO observed KOIs to confirm companion detections made at low significance, < 5σ, and to obtain additional infrared photometry that will later be used to better constrain photometric parallaxes to determine if the companions are physically associated (D. Atkinson et al., 2016, in preparation) . Of the 969 KOIs observed, we have found 203 companions 7 of which 141 are new discoveries. This paper is organized as follows. In Section 2 we describe the KOI survey target selection and the observations made with Robo-AO and NIRC2. Sections 3 and 4 describe the Robo-AO and NIRC2 data reduction and companion-detection pipelines respectively. In Section 5 we describe the results of the survey, including the discovered companions, and compare these with other surveys and observations. In Section 6 we discuss implications of the survey and how others can use these observations. Finally, we conclude with plans for current and future work in Section 7.
SURVEY, TARGETS AND OBSERVATIONS

Target Selection
We selected targets that we had not previously observed from the KOIs Catalog based on the Q1-Q12 Kepler data . These targets were added to the Robo-AO intelligent observing queue ) and observed during the summer of 2013. While we imposed no artificial magnitude limit on the targets, there were only 4 targets fainter than 16th magnitude that we effectively observed. In Figure 1 we compare the Robo-AO imaged KOIs to the distribution of all current KOIs . The four graphs show the comparisons in the characteristics of KOI stellar magnitude and effective temperature; and planetary orbital period and radius. The list we have observed correlates closely with the Kepler Q1-Q17 DR24 list in all of these categories, with the exception of the longest period planets which are fewer in number in the Q1-Q12 list due to the shorter time baseline. It is only by coincidence that we did not observe the small number of KOIs with 15 -20 R ⊕ companions nor with stellar temperatures higher than 8000 K.
Observations
Robo-AO
We obtained high-angular-resolution images of 956 Kepler planet candidate host stars over the course of 19 nights between 2013 July 21 and 2013 October 25 detailed in Table 5 in the Appendix. We also include 13 images from 2012 that required additional confirmation of the KOI position in the Robo-AO field of view. All the observations were performed in a queue-scheduled mode in combination with other science programs using the Robo-AO autonomous laser adaptive optics system (Baranec et al. , 2014b ) mounted on the robotic 1.5-m telescope at Palomar Observatory (Cenko et al. 2006) . Table 1 summarizes the system and survey specifications.
Each observation comprises a sequence of full-frametransfer detector readouts of an electron multiplying 7 For brevity we denote stars which we have found within our detection radius of KOIs as "companions," in the sense that they are asterisms associated on the sky.
CCD camera at the maximum rate of 8.6 Hz. Individual frames are later registered to correct for the dynamic image displacement of the KOI (Section 3) that cannot be measured with the laser guide star. A total exposure integration time of 90 seconds was chosen so that close sources up to roughly 6 magnitudes fainter than the Kepler object would be detected. For the majority of these observations a long-pass filter with a cut-on wavelength of 600 nm was used (LP600 hereafter). The LP600 filter approximately matches the Kepler passband at the redder wavelengths whilst simultaneously suppressing the blue wavelengths. The blue wavelengths will degrade adaptive optics performance in the majority of seeing conditions. Compared to near infrared adaptive optics observations, the LP600 filter more closely approximates the direct measurement of the effects of any unresolved companions for the relevant Kepler light curves. An iband filter (York et al. 2000) was used during eight of the 2012 observations in an attempt to obtain slightly sharper images of brighter targets. A comparison of the two filters can be found in Paper I.
There are two main factors that affect the quality of images acquired by Robo-AO: atmospheric seeing and the brightness of the target. For bright targets (m V < 13), in median seeing of 1. 1 (Cenko et al. 2006) , Robo-AO can obtain images with a Strehl ratio of 9%, and full-width at half-maximum (FWHM) of 0. 12 in i -band. As the seeing approaches 1. 6, the Strehl ratio drops to 5%. For fainter targets, i.e. m V > 14, there needs to be a sufficient number of photons in the diffraction limited core captured during each frame-transfer exposure for post-facto image registration techniques to maintain full acuity. Robo-AO is able to capture scientifically useful images on these fainter targets during times when the atmospheric seeing is favorable, so observations are often repeated until data of sufficient quality is obtained. We adopted the same automated routines used by Paper I to measure the actual imaging performance and to classify the targets into the imaging performance classes given in the full observations list; this classification was used with the contrast curve for each class to estimate the companion-detection performance for each target (Section 3.5).
Keck adaptive optics
We obtained images of 50 KOIs with the NIRC2 instrument behind the Keck II adaptive optics system that were previously observed with Robo-AO and had evidence of a companion. For KOIs brighter than m V ∼ 13 we typically used the KOI as the guide star in naturalguide-star mode, and for fainter KOIs we used the laser guide star, using the KOI as the tip-tilt-focus guide star van Dam et al. 2006) . Observations were conducted on 2013 June 25, 2013 August 24 and 25, 2014 August 17 and 2015 July 25 in the K, Ks or Kp filters, and in the narrow mode of NIRC2 (9.952 mas pixel −1 ; Yelda et al. 2010 ). An initial 30 s exposure was taken for each target, and we waited for the low-bandwidth wavefront sensor to settle if the laser was used. The integration time and number of coadds per detector readout were adjusted to keep the peak of the stellar PSF counts less than 8,000 ADU per single integration (roughly half the dynamic range where sensitivity of the detector is linear), while maintaining a total ex- Figure 1 . Comparison of the distribution of the Robo-AO sample in this paper, from Q1-Q12 , to the set of KOIs from Q1-Q17 DR 24 . posure time of 30 s. Dithered images were then acquired with the primary centered in the 3 lowest noise quadrants using the 'bxy3 2.5' command, for a total exposure time of 90 s.
ROBO-AO DATA REDUCTION
We adopted the same automated data reduction and analysis pipeline used in Paper I and we briefly review it here, along with minor improvements. We first manually find the location of the KOI in the field using a preliminary reduction of the data (Section 3.1). The pipeline first takes the short-exposure data cubes recorded by the electron multiplying CCD camera and produces dark, flat-field and tip-tilt-corrected co-added output images (Section 3.2). We then subtract a locally optimized point-spread function (PSF) estimate from the image of the Kepler target in each field (Section 3.3), and either detect companions around the target stars or place limits on their existence (Section 3.4). Finally, we measure the properties of the detected companions (Section 3.6).
Target Confirmation
We manually checked the location of the KOI in Digital Sky Survey (DSS) images and selected the KOI itself as the guide star to correct image displacement in each observation. In this survey, for fields where the DSS image was insufficient for KOI identification, or if the proper motion of stars made the target ambiguous, we would use the publicly available recent UKIRT J-band images of the Kepler field. For a minority of targets, there was only a single star in the field of view. For these targets, we first confirmed with UKIRT images that there were no other sources within our field; then we confirmed whether the telescope pointing offsets were stable for that particular observation by noting if prior and subsequent KOI targets landed in the same area of the detector. We note that Paper I did not include all of the observed targets in 2012 because of our inability to unambiguously identify every KOI. Using this new method of target confirmation Figure 2 . The points on this plot show the angular separations and magnitude differences of the detected companions described in Tables  2 and 3 , with the color and shape of each point denoting the associated typical low-, medium-and high-performance 5σ contrast curve during the observation (as described in Section 3.5).
we were able to positively identify 13 KOIs observed in 2012 and now include them in this paper.
Imaging Pipeline
The Robo-AO imaging pipeline (Law et al. 2012; Terziev et al. 2013 ) is based on the lucky imaging reduction system described in Law et al. (2006a Law et al. ( ,b, 2009 . The recorded camera frames are dark-subtracted and flat-fielded, and are then corrected for image displacement using the KOI as the reference guide star. This produced more consistent and predictable imaging performance for groups of similar KOIs, even if a brighter guide star was nearby and offered potentially increased performance.
PSF Subtraction
The large number of KOI target stars observed each night are all in similar parts of the sky, have similar brightness, and were observed at similar airmasses. We take advantage of this fact and use each night's KOI observations as PSF references due to the fact that it is unlikely that a companion would be in the same position for multiple targets. We use a custom locally optimized PSF subtraction routine based on the Locally Optimized Combination of Images algorithm (Lafrenière et al. 2007) , wherein the regions around at least 20 targets are combined to create a PSF which is an optimal local combination of the reference PSFs and is then subtracted from the target star's PSF. The PSF subtraction typically leaves residuals that are consistent with photon noise only (for these relatively short exposures). For more information and an example of the target star subtraction see Paper I.
Automated Companion Detection
To more easily and robustly find companions in this large data set, we developed a new automated companion detection algorithm for Robo-AO data, described in Paper I. During the analysis of images for this survey we extended the automated search radius from 2. 5 to 4. 0 to capture a larger population of stars that contribute to the Kepler light curves, as well as to facilitate better comparison with other high-angular-resolution imaging surveys.
We also manually checked each image for companions after the automated companion detection to assess the performance of the automated system and to search for faint but real companions that could have been removed by spurious speckles in the PSF references. Only those that had a measured significance of > 2.0σ are reported here despite the fact that others may have confirmed their existence (e.g., the ∼0. 5 companions detected near KOI-3284 and KOI-3309). While not comprehensive, we also flagged several low-significance companions out to ∼4. 5 that were just outside of the automatic search radius during the manual check.
Imaging Performance Metrics
In Paper I, we evaluated the contrast-versus-radius detection performance of the PSF-subtraction and automated companion detection code by performing Monte Carlo simulations of artificial companion injection and recovery. We found that if we fit two Moffat functions to each PSF, one tuned to the PSF core and the other to the uncorrected halo, that the width of the PSF core size alone was an excellent predictor of contrast performance. On this basis, we used the PSF core size to assign targets to contrast-performance groups: 'low', <0. 1, N=355; 'medium', [0. 1, 0. 14), N=308; and 'high', ≥ 0. 14, N=306. Figure 2 shows smoothed contrast curves resulting from the Monte Carlo companiondetection simulations for the three ranges of contrast-performance groups.
3.6. Companion Contrast Ratios, Separations and Position Angles We determined the contrast ratio between the companions and primaries in two ways: for the widest separations we performed aperture photometry on the original images; for the closer systems we used the estimated PSF to remove the blended contributions of each of the stars before performing aperture photometry. In all cases the aperture sizes were optimized for the system separation and the available signal. We calculated the contrast ratio uncertainty on the basis of the difference between the injected and measured contrasts of the artificial companions during the contrast-curve calculations (Section 3.4). We found that the detection significance of the companion was the best predictor of the contrast ratio accuracy, and so we use that relation to estimate the contrast ratio uncertainty for each companion. We note that the uncertainties (5%-30%) are much higher than would be naively expected from the S/N of the companion detection, as they include an estimate of the systematic errors resulting from the AO imaging, PSF-subtraction and contrast-measurement processes.
To obtain the separation and position angle of the binaries we measured the centroid of the PSF-subtracted images of the companion and primary, as above. We converted the raw pixel positions to on-sky separations and position angles using a distortion solution produced from Robo-AO measurements of globular clusters, detailed in Riddle et al. (2015) . We calculated the uncertainties of the companion separation and position angles using estimated systematic errors in the position measurements due to blending between components, depending on the separation of the companion (typically 1-2 pixels uncertainty in the position of each star). We also included an estimate of the maximal changes in the Robo-AO orientation throughout the observation period (±1.
• 5), as verified using the globular cluster measurements above. Finally, we verified the measured positions and contrast ratios in direct measurement from non-PSF-subtracted images.
NIRC2 DATA REDUCTION
We created a pipeline to automatically reduce and analyze our NIRC2 data. After sky subtraction and flat-field calibration, the frames were co-added into a single image based on the automatic detection of the location of the primary star in each dither frame. Because the distortion across each detector quadrant is sufficiently small compared to the Robo-AO position errors, ≤20mas (Yelda et al. 2010 ), we did not correct for field distortion. The pipeline then automatically identifies companion stars via pixel binning, vetting the brightest bins by measuring radius in the eight cardinal and diagonal directions against a minimum cutoff and radial consistency. Cutoff values are optimized to search for both wide and narrow separation companions. For targets with observations in multiple filters (reported in D. Atkinson et al., 2016, in preparation) , the results are cross-referenced and stars found in only one filter are dropped as multi-color observations are effective in discriminating PSF speckles from astrophysical objects. Targets for which the pipeline registered multiple companions are flagged for manual validation.
The higher angular resolution images clearly separate the vast majority of companions and simple aperture photometry is used to measure the brightness of each star. For close companions, a matching aperture opposite the partner star from the object being investigated is subtracted from the star's own photometry. This corrects for any overlapping PSF halo (and assumes a radially constant PSF, which is more accurate at larger separations). Magnitude differences between companions and their primary star are shown in Table 4 .
The uncertainty in the magnitude difference is estimated by varying the aperture radius from 0.5 to 5 of the width of the stellar PSF and measuring the standard deviation of the difference. Injected companions are used to measure the overall efficacy of the technique and determine the weighting of magnitude difference vs. aperture radius. Recovering injections with this technique demonstrated an uncertainty of ∼ 5%, consistent with our reported uncertainties.
DISCOVERIES
We resolved 181 Kepler planet candidate hosts into multiple stars; the contrast ratios and the separations are shown in Figure 2 and the discovery images are summarized in Figures 3-5. The measured companion properties for the targets with secure detections, > 5σ, are detailed in Table 2 . Table 3 describes probable companions which fell just below our formal 5σ detection criteria. We consider these very likely to be real, but we cannot exclude the possibility that a small fraction of these detections are spurious speckles without additional information. Where possible we observed these targets with NIRC2 to confirm their existence as discussed in Section 5.3.
Comparison to Other Imaging Surveys
In the search for blended Kepler companions, many other high-angular-resolution surveys of KOIs have been performed using a range of observational techniques, e.g., infrared adaptive optics, sparse aperture interferometry, speckle interferometry, lucky imaging and direct imaging with HST (Adams et al. 2012 (Adams et al. , 2013 Dressing et al. 2014; Everett et al. 2015; Gaidos et al. 2016; Gilliland et al. 2015; Howell et al. 2011; Horch et al. 2012; Kraus et al. 2016; Lillo-Box et al. 2012 Marcy et al. 2014; Teske et al. 2015; Torres et al. 2015; Wang et al. 2015a,b) . Each technique and instrument setup has a unique sensitivity, inner working angle, and spectral bandpass, presenting a challenge for a complete analysis of the multiplicity of KOI stars, and is part of our motivation for observing all KOIs with a single instrument setup. We have indicated in Tables 2 and 3 where these surveys have previously detected the same companion at approximately the same location. These other surveys have detected 38 of the 98 companions we detected at a significance greater than 5σ, and 24 of the 105 companions we detected at a lower significance.
Interestingly, Robo-AO was able to detect a close companion to KOI-2971 at a significance of 3.9σ that was not detected by Dressing et al. (2014) using ARIES with the MMT AO system; and conversely Robo-AO did not detect the 3. 5 companion found by Dressing et al. (2014) . We fortuitously observed KOI-2971 with NIRC2 (see Section 5.3) and we were able to clearly see both of these companions.
We also note that the Robo-AO automated companion detection software found companions to KOI-2849 and KOI-3246 at nearly the same separation, 0. 36, position angle, 215
• , magnitude difference, ∼ 1, and at a significance level of 4.0 σ and 5 σ respectively. Observations of both targets occurred on 2013 August 16 and showed evidence of static non-common path error in the stellar PSF leading to a speckle in the position of the purported companions. Kraus et al. (2016) observed KOI-3246 with NIRC2, and confirmed that there was no companion of similar brightness near the location of the Robo-AO automated detection. Because of our insensitivity at that position during that night we did not report these detections in our list of companions. Kolbl et al. (2015) searched for close companions to KOIs by detecting secondary light sources in spectra used for determining radial velocities. They demonstrated sensitivity to companions as faint as ∼1% of the primary star, and to companions captured within the 0. 87 × 3. 0 Keck-HIRES entrance slit. We observed 19 of the 58 KOIs for which Kolbl et al. (2015) found evidence for a companion. Of those 19, we detected companions to KOI-151, KOI-652, KOI-1784 and KOI-4871. We had sufficient image contrast performance for the other 15 targets, 12 'high' and 3 'medium', to detect the brightness of companion indicated by Kolbl et al. (2015) if they were separated by greater than roughly 0. 75; this lends evidence to the spectroscopic companions existing at closer angular separations.
Comparison to a Spectroscopic Survey
We detected a companion to KOI-151 at an angular separation of 4. 2 and at a radiant flux ratio of 0.0046±0.0008 with respect to the primary star. This companion is fainter than the 1σ lower limit on the radiant flux of 0.012±0.006 determined by Kolbl et al. (2015) and was likely not captured by the HIRES entrance slit. Therefore we conclude that our detection is new and that KOI-151 is an asterism of at least three stars.
We detected a companion to KOI-652 at an angular separation of 1. 23. This companion was also detected by Teske et al. (2015) and Kraus et al. (2016) with Keck-NIRC2 as a ∼0. 08 binary. This lends further evidence to Kolbl et al.'s claim that this system is at least a triple star system. Both we and Wang et al. (2015b) detected a companion to KOI-1784 at an angular separation of ∼0. 3, which would easily be captured within the HIRES entrance slit. We calculate a radiant flux ratio of 0.59±0.07 which is well above the lower limit of 0.192±0.058 determined by Kolbl et al. (2015) . Wang et al. (2015b) estimated a physical separation of 160.7 AU between the primary and the companion, and this may not be compatible with the ∆RV of -13 km s −1 measured by Kolbl et al. (2015) . It is not conclusive that the imaged close companion is also responsible for the spectroscopic signal, so it is possible this is also an asterism of at least three stars.
We observed a companion to KOI-4871 at an angular separation of 0. 96 and a radiant flux ratio of 0.057±0.010 with respect to the primary star. This detection is compatible with the lower limit on the radiant flux ratio of 0.012±0.003 determined by Kolbl et al. (2015) . If this is indeed the same star, Kolbl et al.'s reported ∆RV of -23 km s −1 suggests it is not physically associated with the primary.
While we have not conclusively imaged stellar companions that were detected by Kolbl et al.'s survey, we have found additional nearby stars not detected by spectroscopic methods. As previously suggested by Teske et al. (2015) , spectroscopic and AO methods can probe complementary, and sometimes overlapping, regions of parameter space when searching for stellar companions. While spectroscopic companions can be detected at much closer angular separations, AO observations probe larger angular separations, and at a much greater dynamic range that can be used to more precisely calibrate transit radii measurements. Physical association of companions can be established either from the difference in measured radial velocities from spectroscopy or from probabilistic or additional spectrophotometric parallax analysis when using AO. From a practical perspective, adaptive optics imaging requires much less on-sky observing time, and can target a much greater range of exoplanetary host stars.
5.3. Keck-NIRC2 imaging of Robo-AO observed KOIs Details of the 50 observations and 63 companions detected with NIRC2 appear in Table 4 . We observed 14 KOIs with companions detected at > 5σ so we could later calculate spectrophotometric parallax distances to determine the probability of physical association. We observed 13 companions detected by Paper I at a significance level of < 5σ. Including those previously imaged with NIRC2 and by Lillo-Box et al. (2012) ; Adams et al. (2012) , all 17 of these detections have been confirmed.
The remainder of KOIs we observed with NIRC2 were at various levels of analysis: some Robo-AO images had been fully processed with measured significance levels on the candidate companion, others were manually identified before PSF subtraction. We confirmed 24 of the companions detected at a significance level of < 5σ in this survey (2 of which were in systems with a > 5σ detected companion), and other surveys confirmed 18 more of these companions. Due to the enhanced contrast with NIRC2, we found additional companions to 6 KOIs (1884, 2377, 2971, 3029, 3377 and 4407) that were not detected in the original Robo-AO data. We also found individual companions near KOI-2363 and KOI-4292 in the NIRC2 data that did not correspond to the preliminary manually-identified candidate companions in the Robo-AO data and we note them in Tables 4 and 5 . Despite the somewhat haphazard selection of targets, the vast majority of Robo-AO detections that have followup observations with NIRC2 have been shown to be real; so far, 60 of the 120 companions detected at a significance of < 5σ with Robo-AO from Paper I and this work have been confirmed.
DISCUSSION
We observed 969 Kepler planetary system candidates with the Robo-AO robotic laser adaptive optics system. Presuming all confirmed and probable 203 Robo-AO detected companions within ∼4 of 181 KOIs are real, we calculate the nearby-star probability as a function of angular distance, see Figure 7 . In our previous study we found a probability of 7.4% ± 1.0% at angular separations up to 2. 5 around 715 KOIs. For direct comparison, we calculated the probability in our sample to the same separation of 2. 5 and found it to be 10.6% ± 1.1%, a difference of 2.2 σ. Additional fainter companions are discovered here, e.g., 9 companions with a magnitude difference greater than 5 within 2. 5 compared to 3 previously.
We explored the possibility of a bias change in the KOI selection process between major data releases, Q1-Q6 ) and Q1-Q12 . Our first study comprised 715 targets solely from Q1-Q6, while this work includes targets originally identified in both catalogs, 505 that appear in Q1-Q6 (51 of which have <2. 5 companions) and 464 that only appear in Q1-Q12 (52 companions). After combining the results of both and comparing the nearby-star probability within 2. 5 for the KOIs that only appear in Q1-Q12 catalog versus those originally found in the Q1-Q6 catalog, we find probabilities of 11.2%±1.6% and 8.5%±0.9% respectively, a difference of 1.5 σ.
We also examined the on-sky spatial distribution of observed KOIs and those with <2. 5 companions for both studies ( Figure 6 ). In our cumulative survey there is a bias of targets located closer to the galactic plane compared to the center of the Kepler field. Additionally, compared to our first study, the median position of KOIs observed in this work is closer to the galactic plane by 1.1
• , and the median position of KOIs with <2. 5 companions is closer to the galactic plane by 1.4
• . We find in general that higher-galactic-latitude KOIs have fewer wide companions which is consistent with lower stellar crowding away from the galactic plane in the Kepler field (Gilliland et al. 2011) , and therefore the difference in nearby star probability between this work and Paper I may simply be due to the specific KOI samples.
Previous studies have shown that the majority of stellar companions to KOIs at a separation of <1 are physically associated, with the probability of association decreasing with increasing angular separation (Horch et al. 2014) . We calculate the cumulative nearby-star probability as a function of angular separation of our data and present it in Figure 7 . Our data show that the probability increases nearly linearly with increasing separation, up to 17.9%±1.4% out to a separation of 4. 0. If the distribution had consisted solely of chance alignments of non-physically associated companions, we would expect this probability to instead increase quadratically. This suggests again that a large fraction of the companions with smaller angular separations are indeed physically associated with the primary star.
This work and Paper I together comprise a survey of roughly half of the KOIs in the Q1-Q17 DR24 dataset release. In light of the apparent discrepancy in companion discovery rates between the two using the same instrument, we caution against extrapolating companion rates from any individual survey that samples a small fraction of the overall population. Even when combined, the existing patchwork of other KOIs surveys (see Section 5.1) is not as comprehensive, and requires detailed calibration to match the varying sensitivities, inner working angles and wavelength ranges. Future high-angular-resolution follow-up observations of large numbers of candidate exoplanet hosts would benefit from an initial comprehensive survey from Robo-AO that can very efficiently find lower contrast blended stars; preserving precious and limited resources like Keck AO or HST for those targets that pass the initial round of vetting.
We expect that our data will be used by other researchers using Kepler data to study and validate exoplanets, their host stars and stellar environments, and other astrophysical phenomena. To aid in this effort, Robo-AO images of KOIs and the position and photometry of any detected companions will be available at the Kepler Community Follow-up Observing Program 8 .
FUTURE WORK
In the third installment of this paper series we will present the remaining Robo-AO observations of KOIs and explore an analysis of the complete data set. We will detail the effects of the detected nearby stars on the interpretation of Kepler planetary candidates and note particular systems of interest. We will investigate further the spatial distribution of all KOIs with companions as a function of separation.
In parallel, we are currently using the multi-color visible and infrared observations obtained for this survey to estimate relative spectrophotometric distances between KOIs and their detected companions to determine if the stars are physically bound. We have also inspected all of our Robo-AO images of KOIs for images of other Kepler input catalog (KIC) targets that do not have repeating transit signals. We have identified nearly 700 of these serendipitously observed KICs in our existing data; we will use these observations as a control sample to determine if there is a fundamental difference in the nearbystar probability between the KOIs and non-KOI KICs, including if there are similar effects due to galactic latitude, and whether this has an effect on planetary systems (Nofi et al. 2015) .
We have reconfigured and redeployed the Robo-AO system as the only instrument on the 2.1-m telescope at Kitt Peak as of November 2015 (Riddle et al. 2016) . We intend to continue observations of our detected companions to search for common-proper-motion pairs to better understand the probability of physical association. We will additionally integrate a science-grade-detector version of a low-noise infrared camera to Robo-AO (previously demonstrated by Baranec et al. 2015) . This camera will enable both infrared imaging and tip-tilt sensing and correction that will allow us to better observe redder KOIs.
We are also in the process of building an upgraded Robo-AO system for the University of Hawai'i 2.2-m telescope on Maunakea (Baranec et al. 2014a) . Between the two Robo-AO systems, we will be able observe up to ∼500 objects per night, covering nearly three-quarters of the sky over the course of a year. Forthcoming transit missions such as NASA's Transiting Exoplanet Survey Satellite (Ricker et al. 2015) scheduled to launch in 2017, and ESA's PLAnetary Transits and Oscillations of stars 2.0 (Rauer et al. 2014) will release their data on timescales of months and shorter, and are expected to discover a greater number of exoplanet systems compared to Kepler. Only the extremely efficient and rapid follow-up capability of Robo-AO will be able to keep up with the sustained demand for high-acuity imaging of thousands of exoplanet candidate host stars identified by these and other projects. The Robo-AO system was developed by collaborating partner institutions, the California Institute of Technology and the Inter-University Centre for Astronomy and Astrophysics, and with the support of the National Science Foundation under Grant Nos. AST-0906060, AST-0960343, and AST-1207891, the Mt. Cuba Astronomical Foundation and by a gift from Samuel Oschin. We are grateful to the Palomar Observatory staff for their sup- (Ofek 2014) . Some of the data presented herein were obtained at the W.M. Keck Observatory, which is operated as a scientific partnership among the California Institute of Technology, the University of California and the National Aeronautics and Space Administration. The Observatory was made possible by the generous financial support of the W.M. Keck Foundation. The authors wish to recognize and acknowledge the very significant cultural role and reverence that the summit of Maunakea has always had within the indigenous Hawaiian community. We are most fortunate to have the opportunity to conduct observations from this mountain.
Facilities: PO:1.5m (Robo-AO), Keck:II (NIRC2-LGS).
APPENDIX
In Table 5 , we list our Robo-AO observed KOIs, including date the target was observed, the observation quality as described in Section 3.5, and the presence of detected companions. 
